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ABSTRACT

A key assumption of neuropsychological testing in North America is that
examinees are native speakers of English (NSE). The objective of the current study
was to continue the line of investigations into the neurocognitive profiles
associated with limited English proficiency (LEP). Participants were
undergraduate students at a Canadian university. Data were collected from 40
NSEs and 40 participants with LEP. A battery of neuropsychological tests
including measures with high (HVM) and low verbal mediation (LVM) was
administered in counterbalanced order. As predicted, individuals with LEP
performed more poorly on HVM measures and equivalent to NSEs on LVM
measures, with some notable exceptions. Results suggest that clinicians should not
interpret low scores on HVM tests as evidence of acquired cognitive impairment in
individuals with LEP, since these measures may systematically underestimate
cognitive ability in this population.
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CHAPTER 1
Introduction
The Multilingual World
In a world that is becoming interconnected as a result of migration, technological
advancements and the increasingly integrated global economy, it is no surprise that bilingualism
is on the rise (Ryan, 2013). Based on statistics collected on bilingual populations in various
regions of the world, it is estimated that more than half of the world’s population is bilingual
(Ansaldo et al., 2008). In Europe, for instance, 54% of the population reports speaking at least
one additional language apart from their native tongue (Eurobarometer, 2012). This statistic
increases to 80% when the analysis is restricted to the adults aged 25 to 64 (Eurostat, 2016).
The percentage of bilinguals is considerably smaller in North America in comparison to
Europe but continues to grow at a steady pace. Crystal (1985) estimated that 235 million people
around the world were English speaking bilinguals and that two thirds of children worldwide
were being raised in bilingual environments. The American Community Survey reports that
20.14% of the US population is bilingual, a percentage that has almost doubled since 1980,
mirroring the rapidly growing immigrant population (Ryan, 2013). In Canada, 35% of the
population reports speaking more than one language, and a fifth reported having a mother tongue
other than the official languages (i.e., English and French).
The Bilingual Brain: An Asset or a Liability?
The prevalence of bilingualism across the world inspired a considerable amount of
research examining its mechanisms, cognitive benefits and disadvantages (Antoniou, 2019). An
area of great debate appears to be the nature of the “bilingual advantage” in cognitive
functioning, where there appears to be conflicting evidence on whether bilingualism enhances or
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interferes with cognitive processing. Existing empirical evidence is mixed. Some studies report a
bilingual advantage (Adesope et al., 2010; Hilchey & Klein, 2011), but others have failed to
replicate these findings (Paap & Greenberg, 2013), and not only question the concept of bilingual
advantage (Samuel et al., 2018), but argue the opposite: bilingualism results in inefficiencies in
certain cognitive processes (Ivanova & Costa, 2008; Paap et al., 2015). It has been hypothesized
that this apparent bilingual advantage is due to the habitual recruitment of the executive control
system (inhibition, planning, working memory, self-monitoring, switching) relative to
monolinguals in order to resolve the conflict created by the joint activation of two languages
(Bialystok, 2011). Consequently, the ongoing additional engagement of executive control for
language switching eventually leads to improved executive function (Morrison et al., 2019).
Evidence of a Bilingual Advantage
There is a large body of evidence suggesting that bilingualism may be associated with
positive cognitive outcomes. Adesope and colleagues (2010), for instance, conducted a
systematic review and meta-analysis of 63 studies involving 6,022 participants. They found that
bilingualism had a moderate positive effect (Hedges's gs = 0.41) on various cognitive measures.
Specifically, bilinguals demonstrated better performance than monolinguals on measures of
attentional control, problem solving, metalinguistic skills, metacognitive awareness,
abstract/symbolic representation skills as well as working memory.
Their results were replicated by Hilchey and Klein (2011), who found that bilinguals
demonstrated an executive processing advantage on interference tasks such as the Simon task.
However, the bilingual advantage was evident only in older adults, and not in other age groups.
This is consistent with evidence that shows that bilingualism is associated with positive cognitive
outcomes in aging. Bialystok et al. (2007) found that bilingual individuals tend to be diagnosed
2

with Alzheimer’s disease 4 years later than monolingual individuals. The delay in the onset of
different forms of dementia in bilinguals is a reliable finding that has been replicated in different
populations (Freedman et al., 2014; Woumans et al., 2015). Furthermore, this cognitive benefit
in aging remains even in the absence of confounds like immigration status and level of
education, suggesting that it is indeed due to bilingualism, and not contextual variables (Alladi et
al., 2013).
Grundy and Timmer (2016) also reported a significant small to medium sized effect of
bilingualism on working memory capacity. Additionally, they found that the language in which
the task was performed moderated the relationship such that the effect size was smaller when the
task was conducted in the participant’s non-dominant language. Taken together, these findings
support the notion of the bilingual advantage in cognitive performance, while also delineating
some of its limits.
The Controversy around the Bilingual Advantage
Other researchers have failed to replicate the findings supporting the presence of a
bilingual advantage in processing. Some particularly vocal opponents of the bilingual advantage
included Paap and colleagues (2015) who argued that the majority of studies they examined
failed to show convincing evidence for a bilingual advantage. Additionally, the studies that
demonstrated differences had smaller sample sizes than the ones with negative findings. They
also criticized the methodology of studies examining the bilingual advantage such as a failure to
match participants on demographic variables. Furthermore, they pointed out the publication bias
in the field that makes it considerably more likely for positive findings to be published over
negative or null findings (De Bruin et al., 2015). This suggests that the positive findings that
eventually get published may be atypical and not representative of how bilingualism affects
3

executive functioning. As a result, they concluded that the phenomenon did not extent beyond
random, atypical findings.
Samuel and colleagues (2018) also failed to find evidence for the bilingual advantage in
any age group upon review of the literature. In fact, their results appeared to support a bilingual
disadvantage in executive functioning. Additionally, when a group of East Asian young adults
were compared to their Western counterparts, the former group outperformed the latter on
measures of executive functioning regardless of bilingual status. Given such disconfirming
evidence as well as previous literature suggesting that an East Asian background may contribute
to group differences usually attributed to the bilingual advantage (Abutalebi et al., 2015; Ong et
al., 2017), they concluded that culture could be a confounding factor in examining the bilingual
advantage.
In other words, the group differences often attributed to bilingualism may be due to
cultural effects. There is also evidence that suggests a substantial publication bias in this field of
research favoring positive results over negative or mixed findings (De Bruin et al., 2015). A
recent meta-analysis showed that the small bilingual advantage disappeared after publication bias
was corrected for (Lehtonen et al., 2018). Therefore, the often invisible influence of publication
bias casts further doubt on the reliability and magnitude of bilingual advantage.
Evidence of a Bilingual Disadvantage
The strongest evidence against the bilingual advantage comes from investigators who
found that bilinguals perform more poorly on certain cognitive tasks. Bilinguals tend to exhibit
lower performance than their monolingual counterparts on measures that require lexical access
(Michael & Gollan, 2005). A study by Roberts and colleagues (2002) found that bilinguals were
able to name fewer pictures on the Boston Naming Test (BNT) than monolinguals despite being
4

highly proficient in English. These findings were replicated by Gollan and colleagues (2005)
who also found that bilinguals made more errors in picture naming than monolinguals. Bilinguals
also named pictures more slowly, which may be due to experiencing tip-of-the-tongue (TOT)
retrieval failures more frequently than their monolingual peers (Gollan & Silverberg, 2001).
Further, there is evidence that bilinguals have lower verbal fluency than monolinguals.
Gollan and colleagues (2002) found that Spanish-English bilinguals performed more poorly than
English monolinguals on semantic fluency, category fluency and proper name fluency tasks.
Further, the group difference was most pronounced on the sematic fluency task. This bilingual
disadvantage in verbal fluency remains evident even when bilinguals are tested in their dominant
or first language (Ivanova & Costa, 2008). Roselli and colleagues (2000), on the other hand,
found that bilinguals and monolinguals performed equally on all verbal fluency tasks with the
exception of the semantic fluency task where the bilinguals performed more poorly.
Clinical Relevance of the Debate on Bilingual (Dis)Advantage
While the controversy around the net effect of bilingualism on cognitive functioning has
inspired important studies within cognitive neuroscience and psycholinguistics, its relevance to
applied settings remains unclear. In clinical assessment, the main practical issue is the
examinee’s level of proficiency in the language in which tests are administered. The vast
majority of cognitive tests used in North America were normed on (sometimes monolingual)
native speakers of English (NSE). In fact, NSE status is an implicit assumption during
neuropsychological assessment. Violating this assumption creates significant barriers to the
meaningful evaluation of neurocognitive functioning (Cardenas, Villavicencio & Pavuluri, 2017;
Mindt et al., 2008). The subtle influence of being proficient in other languages in addition to
English pales in comparison.
5

Native vs Non-Native Speakers of English
Since tests were developed for and normed on NSEs, the extent to which they can be
applied to examinees with limited English proficiency (LEP) is largely unknown. The term LEP
refers to individuals who learned English later in life, outside the sensitive window of language
acquisition (age 12–15; Johnson & Newport, 1989; Lenneberg, 1967; Sakai, 2005). LEP is a
descriptive label that captures a significant deviation in language proficiency from NSE. It is
more precise than commonly used alternative terminology such as “English as a second
language” or “English language learners” (Ali et al., 2020).
In contrast to the abundance of research on bilingualism, the literature on cognitive
profiles associated with LEP appears to be limited. Grundy and Timmer (2016) noted in their
meta-analysis on working memory and bilingualism that the studies they included sometimes
tested the participants in one of the languages they spoke or both. This variability in
operationalizing and studying bilingualism indicates that the NSE-LEP distinction is not a salient
variable in bilingual research, even though it is an important one in a clinical context.
Even in clinical research, most of the literature is focused on examining the
neuropsychological performance of bilinguals, without making LEP an explicit target of the
investigation. Nevertheless, the sporadic evidence is slowly consolidating into a coherent pattern
of deficits associated with LEP on performance based psychometric testing. The effect of LEP
on test performance appears to be mediated by a number of factors, some of which are related to
the instruments (level of verbal mediation, cognitive domain, type of test; Gooding, Cole &
Hamberger, 2018), and some of which are related to demographic factors (age, level of
education, country of origin; Boone et al., 2007).
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Level of Verbal Mediation
Based on whether NSE status is critical to performing a given task, psychometric tests
can be divided into two categories: low verbal mediation (LVM) and high verbal mediation
(HVM). In the present work, LVM and HVM tests were defined based on previous research on
neurocognitive profiles of LEP reviewed in the next section. Tests with LVM still require a basic
proficiency in the language of administration, but once examinees comprehend the instructions,
their verbal skills are assumed to be orthogonal to their test performance. Examples of LVM tests
include visual memory and motor speed.
In contrast, on tests with HVM native-level language proficiency is thought to be a
necessary condition to demonstrating one’s true ability level on the target construct (Erdodi,
Jongsma, & Issa, 2017). Measures developed to diagnose aphasia are automatically considered
HVM measures, given that aphasia refers to a focal deficit in language skills that is conceptually
similar to LEP. Examples of HVM tests include verbal memory, measures of receptive and
expressive language or verbal reasoning.
Naturally, LEP is expected to have a significant deleterious effect on tests with HVM, but
less so on tests with LVM. The empirical evidence is largely consistent with this prediction
(Boone et al., 2007; Erdodi, Jongsma & Issa, 2017; Gooding et al., 2018; Kisser et al, 2012).
Given the lack of scientific consensus on operationalizing verbal mediation, for the purpose of
this study tests were classified based on previous empirical evidence or, in the absence of that, on
rational grounds.
The Neurocognitive Profiles of LEP
Individuals with LEP perform worse than NSEs on neuropsychological tests with HVM.
Boone and colleagues (2007) reported that NSEs performed better on the BNT than people with
7

LEP. Subsequent investigations found that LEP was associated with deficits in object naming
(i.e., performance on the BNT and Auditory & Visual Naming Test; Gooding et al., 2018) as
well as category and letter fluency (Boone et al, 2007; Erdodi, Jongsma & Issa, 2017; Kisser et
al, 2012). These findings suggest that in comparison to NSEs, individuals with LEP perform
poorly on neuropsychological tests with HVM.
In contrast, studies comparing LEP and NSE on measures of attention and processing
speed produced either null findings or higher performance in NSE, depending on the test used
(Walker et al., 2010). Harris, Wagner and Munro Cullom (2007) demonstrated equivalent
performance between NSE and LEP on the Digit Symbol Coding (CD) subtest of the Wechsler
Adult Intelligence Scale (WAIS). These results were replicated by later studies (Erdodi, Jongsma
& Issa, 2017; Walker et al., 2010). Interestingly, Harris and colleagues found a negative
relationship between level of education and test performance within the LEP sample. Equivalent
performance was also reported on the Rey 15-Item Test (Rey-15; Salazar et al., 2007), a freestanding performance validity test (PVT) based on visual memory.
The NSE advantage re-emerged on other measures of attention and processing speed.
LEP status was associated with lower performance on the Digit Span subtest of the WAIS, which
measures auditory attention and working memory (Boone et al., 2007; Lozano-Ruiz et al.;
Walker et al., 2010). Interestingly, individuals with LEP also demonstrated poor performance
relative to NSE individuals on Symbol Search, an analog measure of processing speed on the
WAIS. LEP was associated with lower performance on Trails A and the Stroop B (color naming
trial), even though these are commonly considered tests with LVM (Razani et al., 2007; Kisser et
al., 2012).
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With regards to visuospatial abilities, the findings appear more mixed. NSE and LEP
groups appear to have equivalent performance on the Clock Drawing Test (CDT), a measure
with LVM (Borson et al., 1999; Erdodi, Nussbaum, et al., 2017; Menon et al., 2012). A
surprising finding was that on the copy trial of the Rey-Osterrieth Complex Figure Test (RCFT),
a LVM task, the individuals with LEP demonstrated higher performance than NSEs (Boone et
al., 2007). This is the only neuropsychological test on which an LEP advantage emerged,
although the reasons for this are not clear.
On tests of executive functioning, NSEs perform better than the LEP group. Razani et al.
(2007) found that NSEs outperformed the LEP group on the Stroop C (color-reading interference
condition) and Trails B.
Summary of Previous Research
A cursory review of the literature on cognitive profiles associated with bilingualism and
LEP revealed divergent findings. Results varied as a function of how the opposite of
“monolingual NSE” was defined (i.e., “bilingual” or “LEP”), level of verbal mediation, cognitive
domains, tests, and even subtests. The simple fact that the arc of the review spans from
discussing evidence of a bilingual advantage in executive functioning to a deficit within the same
cognitive domain among individuals with LEP emphasizes the importance of criterion grouping.
Although the research on cognitive profiles associated with LEP is far from conclusive, it has
produced more consistent findings than the research on bilingualism. Therefore, the present
study focuses on the NSE vs LEP contrast to examine the pattern of strengths and weaknesses
associated with LEP from an applied clinical perspective.
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Present Study
This study sought to continue the existing line of systematic investigations (Kisser et al.,
2012; Razani et al., 2007) of neurocognitive profiles associated with LEP. The performance of
cognitively healthy participants (half NSEs, and half individuals with LEP) was compared on a
battery of neuropsychological tests, evenly split between LVM and HVM instruments. A
significant NSE advantage was predicted on tests with HVM (medium-large effects). No
difference between the NSE and LEP sample was predicted on tests with LVM. Table 1 lists the
tests administered.
CHAPTER 2

Methods
Participants
This study was based on a previous research project designed to examine the differential
failure rate on performance validity tests (PVTs) as a function of LEP status and level of verbal
mediation (Abeare, An, et al., in press; Abeare, Cutler, et al., An et al., 2019; Erdodi et al.,
2020). In contrast, the present investigation was focused on between-group differences on
measures of cognitive ability rather than PVTs. Participants were undergraduate and graduate
students recruited from the University of Windsor Participant Pool, Centre for English Language
Development (CELD), and Windsor International Student Email List (WISEL). The students
were compensated with either extra credit or $20 if they were ineligible for extra credit.
Participants were excluded if they had a current diagnosis of a major psychiatric or
neurological disorder, developmental disability, or serious medical illness that would
significantly affect performance on testing. Individuals were assigned to either the LEP or NSE
group based on their scores on the English Language Proficiency rating scales (speaking,
10

understanding, reading) of Language Experience and Proficiency Questionnaire (LEAP-Q). The
study was approved by the University of Windsor’s Research Ethics Board. APA ethical
guidelines regulating research with human participants were followed throughout the process. A
total of 80 participants were included in the study (40 LEP, 40 NSE). Both the LEP and NSE
samples included bilingual participants. The LEP sample included individuals of varying cultural
and linguistic backgrounds.
Measures
English language proficiency was assessed using the Language Experience and
Proficiency Questionnaire (LEAP-Q; Marian et al., 2007). A brief battery of neuropsychological
measures examining several cognitive domains (e.g., memory, executive function, attention,
processing speed) was administered in order to mimic a real-world assessment situation.
Additionally, the battery was strategically selected to achieve a balance between tests with HVM
and LVM (see Table 1 for a comprehensive list of the measures used). A brief demographic
questionnaire was used to collect relevant demographic information (e.g., age, gender, SES).
Procedure
Testing was conducted in a quiet environment by trained research assistants (RAs). The
testing procedure, compensation, risks and benefits were explained to the participants by the
primary investigator (PI). After informed consent was obtained, the PI left the room, and the
battery of neuropsychological tests was administered by the RAs in counterbalanced order. Both
the RAs and participants were blinded to the hypotheses of the study in order to avoid biases in
test administration.
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Data Analysis
Descriptive statistics such as means and standard deviations were calculated and reported
for demographic variables such as age, education, and age of English language acquisition.
Independent t-tests (two-tailed) were used to compare the LEP and NSE groups on each of the
neuropsychological measures. Group averages were also compared to normative data. The effect
size was expressed in Cohen’s d. Bonferroni corrections were not used to correct for multiple
comparisons due to several methodological counter-indications such as suppressing the
discovery rate in new lines of investigation and artificially reduced statistical power (Moran,
2003; Perneger, 1998). Moreover, Bonferroni corrections address the question of whether the
universal null hypothesis is true, and not the specific research questions at hand (Savitz &
Olshan, 1995). As a result, computing effect sizes provide a better indication of the relevant
experimental effects in this study, and their practical significance (Nakagawa, 2004). Further, all
the comparisons were a priori planned, and the cost of false discovery is low, given that this was
an exploratory study.
CHAPTER 3

Results
Demographic Differences
There were no between-group differences on age, lateral dominance and self-reported
depression or anxiety (Table 2). However, a larger proportion of the NSE sample was female
(85.0% versus 57.5%). Also, the LEP sample had a higher level of education (medium-large
effect). Naturally, the NSE sample learned English at an earlier age (extremely large effect).
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Between-Group Differences in Neurocognitive Profiles
Tests with HVM
The NSE outperformed the LEP sample on most tests with HVM, with three exceptions:
Digit Span, Rey WRT and the D-KEFS Word Reading trials (p: .099-.528). Among the
significant contrasts, the largest effects were observed on the BNT-15 (d: 3.14-3.17; extremely
large), followed by the CIM (d = 1.92, very large), category fluency (d = 1.62, very large), and
single-word reading (d = 1.58, very large). The deficit associated with LEP on the D-KEFS
Stroop subtest was commensurate with that observed on the Color Naming subtest (d: 1.09-1.12,
large effects). On the WCT as a continuous variable, LEP was associated with a lower accuracy
(d = 0.48, medium effect) and longer time-to-completion (d = 0.77, large effect) score (Table 3).
Most significant contrasts for mean differences were also associated with unequal variance. In
the majority of cases, the LEP sample produced higher within-group variability. However, on
two of the tests (letter and emotion word fluency) participants with LEP produced lower SDs.
Tests with LVM
No significant difference emerged on most of the LVM tests (Table 4). Notable
exceptions include the Clock Drawing Task (large effect), RCFT Recognition trial (medium
effect), TMT-B (medium effect) and TOMM-1 (medium effect). Worth noting, the LEP group
scored higher on the TOMM-1. Participants with LEP also produced more variable scores on
Clock Drawing and the Rey-15.
Between-Group Differences from the Normative Mean
Tests with HVM
NSEs produced lower means than the normative sample on letter fluency (d = 0.70, large
effect) and CIM (d = 0.42, medium effect). On the D-KEFS Stroop, however, the NSE group
13

mean was significantly higher than the normative mean (d = 0.93, large effect). There was no
significant difference on the other HVM tests (Table 5).
In contrast, the LEP sample mean was lower than the normative mean on category and
letter fluency, CIM, D-KEFS Color Naming and Stroop condition, and single word reading.
Effect sizes ranged from low-medium to extremely large (d: 0.37-2.70). No significant
differences emerged on the WAIS-III Digit Span and D-KEFS Word Reading.
Tests with LVM
NSE performed below the normative sample on the TMT-A (medium effect). However,
they performed above the normative mean on Coding and Symbol Search (medium/large effect).
None of the other contrasts were significant (Table 6). The advantage relative to the normative
sample on Coding and Symbol Search was maintained in the LEP sample (medium effect).
However, participants with LEP scored below the normative mean on all RCFT trails (medium
effect), and TMT-B (large effect).
CHAPTER 4

Discussion
Main Findings
The objective of the present study was to contribute to the existing body of research on
the neurocognitive profiles associated with LEP. It was hypothesized that the LEP and NSE
groups would be equivalent on LVM tests, but an LEP disadvantage would emerge on the HVM
measures. The data were broadly consistent with these hypotheses, with a few surprising
exceptions, which suggests that the HVM/LVM distinction may be more complex than it first
appears. The LEP disadvantage on HVM tests was most pronounced on measures used to
diagnose aphasia (e.g. Animals, BNT-15, CIM), a free-standing PVT based on word recognition
14

memory (WCT), and measures of processing speed and executive functioning (i.e. D-KEFS
Color, D-KEFS Stroop). The LEP and NSE groups were equivalent on LVM measures of
processing speed (i.e. WAIS-III Coding and Symbol Search, TMT-A), measures of visuospatial
skills (i.e. RCFT Copy, RCFT Immediate Recall, RCFT Delayed Recall) and a free-standing
PVT based on visual memory (Rey-15).
Unexpected Findings
The NSE sample outperformed the LEP sample on most HVM tests with the exception of
the Digit Span, Rey WRT and the D-KEFS Word Reading. These results contradict previous
findings showing an LEP disadvantage on the WAIS Digit Span (Boone et al., 2007; Walker et
al., 2010), and may be explained by the differences in sample characteristics. The
aforementioned studies were based on clinical samples. Consequently, neuropsychological
deficits and LEP may have had a cumulative deleterious effect. In contrast, this study was based
on cognitively intact university students. Therefore, the effect of LEP on test performance was
observed without the confounding effect of cognitive or emotional problems. Further, both
samples had higher levels of education than previous studies, and the LEP group had
significantly higher levels of education than the NSE group. Thus, these unusual findings may be
due to these sample differences, given level of education is positively correlated with
performance on cognitive testing (Ganguli et al., 2010; Walker et al., Shores, 2009).
The pattern of between-group performance on the D-KEFS (LEP < NSE on Color
Naming and Stroop, LEP = NSE on Word Reading) suggests that not all subtests are equally
susceptible to the deleterious effect of LEP. This finding could be explained by the fact that
bilinguals activate the phonology of both languages during naming tasks, particularly when they
are being tested in a language in which they have lower proficiency (Macizo, 2016). This
phenomenon is posited to raise the difficulty level of a task for examinees with LEP, as they are
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confronted with an inhibition task even during the baseline trials of the test. The effect is
expected to be stronger on the color naming task compared to the word reading task, as the target
stimulus (patch of color) is more likely to automatically elicit the response (name of the color) in
the dominant language, which the examinee with LEP has to inhibit, and choose the English
name for it instead.
In other words, for examinees with LEP, the interference task on the D-KEFS starts with
Color Naming. This additional processing requirement due to the need to manage to the coactivation of two languages may explain the slower completion time during the D-KEFS Color
Naming and Stroop tasks. In combination with the equivalent performance on the Rey WRT (a
verbal recognition memory task), these findings suggest that the rationally based HVM/LVM
classification used in this study had inconsistent empirical support (Kisser et al., 2012). Instead
of judging the level of verbal mediation involved in a given test on purely rational grounds, the
construct should be evaluated using objective, performance-based data.
On the LVM tests, there was no difference in performance between groups, with four
exceptions: the Clock Drawing Task, RCFT Recognition trial, TMT-B and the TOMM-1.
Similarly, these findings run counter to previous research that demonstrated equivalent
performance between LEP and NSE groups on visuospatial measures such as the Clock Drawing
Task (Erdodi, Jongsma & Issa, 2017). This could potentially be accounted for by cultural factors,
given that in the previous study, both the LEP and NSE groups consisted of English-Arabic
bilinguals. The current study, on the other hand, included participants of varying cultural
backgrounds. Additionally, although at face value, the CDT is a LVM visuospatial measure, it
also requires the comprehension of the test instructions provided in English and maintaining
them in the short-term verbal memory, which is likely a HVM task component. The lexical
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format itself may vary across languages (i.e., “eleven and ten” versus “ten after eleven”), or the
salience of the analog clock itself may vary across cultures. It is, however, possible that these
unexpected LVM findings are spurious results due to the lack of correction for multiple
comparisons.
Razani et al. (2007) also found an LEP disadvantage on TMT-B, which is consistent with
the results of the current study. Stålhammar and colleagues (2020) hypothesized that the mastery
of the alphabet of a non-native language would not guarantee native recital speed even on
nonvocalized tasks such as the TMT-B. They also hypothesized that differences in alphabetical
and/or numerical symbols across languages could affect LEP performance on the TMT-B.
Differences in academic traditions across countries (e.g., relative emphasis on written symbols
versus oral communication) may have been an additional confounding variable.
Surprisingly, the LEP sample outperformed the NSE sample on the TOMM-1. Previous
research shows that in linguistically and culturally diverse samples, those with high levels of
education fail the TOMM at lower rates compared to less educated individuals (Nijdam-Jones et
al., 2019; Rivera et al. 2015). In the current sample, the LEP group has significantly more
education than the NSE group, which could have amplified this effect.
NSE versus LEP Compared to Normative Data
Among HVM tests, the NSE subsample performed more poorly on letter fluency and
CIM when compared to the normative sample. This unexpected finding may be due to the
inclusion of bilingual participants in the NSE sample. Previous research shows that bilinguals
have a disadvantage on tests with HVM compared to monolinguals, even when they are highly
proficient in English (Michael & Gollan, 2005; Roberts et al., 2002). Thus, the presence of
bilingual participants in the NSE sample may have had a significant impact on the results given
that the CIM normative sample is composed of monolingual English speakers (Borod et al.,
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1980). NSEs performed above the normative sample on the D-KEFS Stroop, but showed no
difference in performance in the D-KEFS Color Naming and Word Reading conditions. This also
may be due to the presence of bilinguals in the sample, given that there is evidence for a
bilingual advantage in executive functioning (Hilchey & Klein, 2011). This would have a greater
effect on the D-KEFS Stroop because it is primarily a measure of executive functioning, whereas
the D-KEFS Color Naming and Word Reading conditions are measures of attention and
processing speed.
Consistent with expectations, the LEP subsample performed very poorly compared to the
normative sample on most of the HVM tests, specifically on single word reading, category and
letter fluency, CIM, D-KEFS Color Naming and Stroop condition. Additionally, past research
shows an LEP disadvantage on category and letter fluency, as well as color naming and the
Stroop task (Kisser et al., 2012; Razani et al., 2007).
On LVM tests, NSEs performed below the normative sample on TMT-A, although they
performed above the normative mean on Coding and Symbol Search. High performance on
Coding and Symbol Search could have been due to the high level of education (Heaton et al.,
2004). This is consistent with evidence showing that high levels of education is associated with
higher performance on the WAIS Processing Speed Index, which is composed of WAIS Coding
and Symbol Search (Heaton, Taylor, & Manly, 2003). Similarly, students volunteering for
academic research who demonstrated high test taking effort routinely perform above the
normative mean (Abeare et al., 2019; Hurtubise et al., 2020). The lower performance on TMT-A
may be due to differences in sample characteristics, as past research suggests that the TMT is
susceptible to the influence of culture (Fernandez & Marcopulos, 2008).
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Participants with LEP performed above the normative mean on Coding and Symbol
Search. However, they performed poorly on RCFT, TMT-A and TMT-B. Lower LEP
performance on TMT-A and TMT-B compared to NSE is consistent with findings from past
studies and may be attributable to a lack of automaticity with the 26-letter Latin alphabet as
hypothesized in past literature (Kisser et al., 2012; Razani et al., 2007; Stålhammar et al., 2020).
Clinical Implications of the Findings
The findings showed that the majority of the HVM tests likely underestimated true
cognitive ability in individuals with LEP. This suggests that low scores on such measures should
not be interpreted as evidence of acquired cognitive impairment in individuals with LEP, since
poor performance may simply be a natural consequence of LEP status. Further, an LEP
disadvantage was observed even on some LVM tests, suggesting that the deleterious effects of
LEP is not limited to tests with HVM.
Notably, LEP suppressed performance on a single-word reading test, which is a measure
commonly used by neuropsychologists to estimate premorbid functioning (Bright et al., 2002;
Bright & van der Linde, 2020; Schretlen et al., 2005). Thus, this test should not be used for that
purpose in LEP patients, as it may systematically underestimate their baseline cognitive ability.
Finally, there was no evidence for an LEP-specific disadvantage on the Rey-15, a free-standing
PVT, which suggests that this instrument may still be used in individuals with LEP. This finding
runs contrary to some previous reports (Ali et al., 2020; Salazar et al., 2007; Strutt et al., 2011).
It is, however, notable that some of these studies used samples with lower levels of education,
which could have confounded the findings (Salazar et al., 2007; Strutt et al., 2011).
Strengths
This study’s main strength is comparing neuropsychological test performance in
individuals with LEP by to NSEs, as well as comparing both groups to the normative sample.
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The study also provides a representative sample of commonly used neuropsychological tests.
Finally, study participants were healthy controls at their cognitive peak with no incentive to
appear impaired. Therefore, it provides a snapshot of the typical differences in cognitive profiles
between NSE and LEP.
Limitations
There are, however, some limitations to be considered. Due to demographic and
geographic limitations, all participants were students at a single university from a mid-sized
Canadian city. Thus, results may not generalize to other populations given that past research
shows geographic and demographic differences in performance on cognitive tests (Lichtenstein
et al., 2019; McDaniel, 2006).
Additionally, the sample was comprised of cognitively healthy, high functioning, highly
educated individuals. Genuine neuropsychiatric disorders may interact with LEP, compounding
its deleterious effect, thus the findings must be replicated in clinical patients with LEP instead of
extrapolating the findings from controls. Another limitation of the study was the significant
difference in education and gender between groups. Specifically, the LEP group had more years
of education, and NSE group had a higher proportion of female participants, both of which could
have confounded the results of the study. Many of the participants in the NSE group were
bilinguals, and as such the criterion groups were contaminated, making it more difficult to isolate
the effect of LEP.
Finally, the LVM/HVM distinction lacks a solid epistemological basis. The relatively
high number of counterintuitive findings even within the present investigation serves as a
reminder of the unreliability of theoretically derived classification of instruments into these
categories. Until the evidence base on level of verbal mediation in general and for individual
instruments consolidates, this construct should be used with caution in LEP research. In the
20

interim, investigators are cautioned against using HVM/LVM as the main grouping variable.
Future research comparing a monolingual native speaker group, a bilingual NSE group and an
LEP group would help expand our current understanding of this test parameter.
Conclusion
The findings of the current study contribute to the existing body of research on
neurocognitive profiles of LEP by comparing LEP and NSE performance on measures with
differing levels of verbal mediation. The results could potentially aid neuropsychologists in
deciding which measures to use in assessing patients with LEP and provide evidence based
interpretative guidelines for estimating cognitive deficits. Future research is needed to replicate
results in clinical populations, different bilingual or LEP samples, as well as examine different
tests representing the HVM/LVM construct.
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Table 1
List of Tests Administered
Test
Subtest
Boston Diagnostic
Aphasia Examination

Clock Drawing Test
Delis-Kaplan
Executive System

Generalized Anxiety
Disorder
Patient Health
Questionnaire
Rey Fifteen-Item Test
Rey-Osterrieth
Complex Figure Test

Rey Word
Recognition Test
Wechsler Adult
Intelligence Scale –
Third Edition
Wechsler Adult
Intelligence Scale –
Fourth Edition
Wide Range
Achievement Test –
Fourth Edition
Test of Memory
Malingering
Trail Making Test
Verbal Fluency

Visual Analog Scale
Word Choice Test

Abbreviation Norms

Reference

VM

Boston Naming
Test – Short
Form
Complex
Ideational
Material
Color Naming
Word Reading
Color-Word
Interference
-

BNT-15

-

Mack, Freed, Williams, &
Henderson, 1992

HVM

CIMBDAE

Heaton

Goodglass & Kaplan, 1972

HVM

CDT
COLD-KEFS
WORD-KEFS
INTD-KEFS

Manual
Manual
Manual

Rouleau et al., 1992
Delis et al., 2001
Delis et al., 2001
Delis et al., 2001

HVM
HVM
HVM

GAD-7

-

-

-

PHQ-9

-

Free Recall
Recognition
Copy
3-minute Recall
Delayed Recall
Yes/No
Recognition
Forced Choice
Recognition
-

Rey-15 FR
IRRCFT
DRRCFT
RECRCFT

Manual
Manual
Manual

Spitzer, Kroenke, Williams &
Löwe, 2006
Kroenke, Spitzer & Williams,
2001
Rey, 1941
Boone et al., 2002
Meyers & Meyers, 1995
Meyers & Meyers, 1995
Meyers & Meyers, 1995
Meyers & Meyers, 1995

FCRRCFT

-

Rai et al., 2019

LVM

WRT

-

Rey, 1941

HVM

Digit Span
Digit-Symbol
Coding
Symbol Search

DSWAIS-III
CDWAIS-III

Manual
Manual

Wechsler, 1997
Wechsler, 1997

HVM
LVM

SSWAIS-IV

Manual

Wechsler, 2008

LVM

Single Word
Reading

ReadingWRAT-4

Manual

Wilkinson & Robertson,
2006

HVM

Trial 1

TOMM-1

-

Tombaugh, 1997

LVM

Trails A

TMT-A

Heaton

Reitan & Wolfson, 1985

LVM

Trails B
Animals

TMT-B
-

Heaton
Heaton

LVM
HVM

Letter
Emotion Word

FAS
EWFT
V-5
WCT

Heaton

Reitan & Wolfson, 1985
Lezak, Howieson, Loring &
Fischer, 2004
Lezak et al., 2004
Abeare et al., 2017
Erdodi et al., 2019
Pearson, 2009

-

-

LVM
LVM
LVM
LVM
LVM
LVM

HVM
HVM
LVM
HVM

Note. Heaton: Demographically adjusted T-scores based on norms by Heaton, Miller, Taylor and Grant (2004); VM: Verbal
mediation; LVM: Low verbal mediation; HVM: High verbal mediation.
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Table 2 Sample Characteristics

Test
Age
Education
AOA English
GAD-7
PHQ-9
% Female
% RH

English Proficiency
NSE
LEP
M
SD
M
24.1 8.5
24.2
15.0 1.9
16.3
0.2
1.0
9.6
5.5
3.5
4.8
5.4
3.5
5.6
85%
57.5%
95%
92.5%

SD
2.9
2.1
3.5
3.4
3.3

t
-0.09
-3.07
-16.4
0.90
-0.30
-

p
.930
.003
<.001
.369
.767
-

d
.69
-3.66
0.20
-0.07
-

χ2
7.38
.213

p
.007
.644

Ф2
0.09
0.00

Note. AOA English : Age of acquisition for English; GAD-7: General Anxiety Disorder; PHQ: Patient
Health Questionnaire; RH: Right-handed; NSE: Native speakers of English: LEP: Limited English
proficiency.
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Table 3 Performance on Neuropsychological Tests with HVM as a Function of English
Proficiency

Test
Animals
BNT-15 Accuracy
BNT-15 T2C
CIM BDAE
Color D-KEFS
DS WAIS-III
LDF
LDB
EWFT
FAS
Reading WRAT-4
Rey WRT
Stroop D-KEFS
WCT Accuracy
WCT T2C
Word D-KEFS

English Proficiency
NSE
M
SD
46.9
10.9
13.9
1.2
43.4
27.8
44.2
13.8
10.1
2.1
10.0
2.7
6.6
1.2
4.9
1.4
13.3
6.1
43.0
9.9
102.7 11.7
10.8
1.7
11.8
2.0
49.7
0.7
72.4
20.6
10.7
2.4

LEP
M
30.0
6.5
185.8
16.3
7.2
9.7
6.2
5.3
8.1
34.0
85.4
10.1
8.7
49.1
95.8
10.0

SD
9.9
3.1
57.2
15.4
3.0
2.6
1.2
1.4
2.7
5.9
10.2
2.3
3.6
1.5
38.1
2.3

t
7.27
14.02
-14.18
8.51
5.02
0.63
1.67
-1.12
5.03
4.95
7.05
1.48
4.89
2.16
-3.32
1.34

p
<.001
<.001
<.001
<.001
<.001
.528
.099
.267
<.001
<.001
<.001
.142
<.001
.034
.001
.184

d
1.62
3.14
-3.17
1.92
1.12
1.13
1.11
1.58
1.09
0.48
-0.77
-

σ12 vs. σ22
.757
.000
.000
.808
.026
.580
.964
.601
.013
.007
.792
.028
.000
.016
.029
.580

Note. Animals: Category fluency (Demographically adjusted T-scores; M = 50, SD = 10); BNT-15: Boston Naming
Test – Short Form; Accuracy: Number of pictures correctly named within the time limit out of 15 (raw score); T2C:
Total time-to-completion (seconds); CIMBDAE: The Complex Ideational Material subtest from the Boston Diagnostic
Aphasia Battery (Demographically adjusted T-scores; M = 50, SD = 10); D-KEFS: Delis-Kaplan Executive Function
System (age-corrected scaled scores; M = 10, SD = 3); DS WAIS-III: Digit Span subtest of the Wechsler Adult
Intelligence Scale – Third Edition (age-corrected scaled scores; M = 10, SD = 3); LDF: Longest digit span forward
(raw score); LDF: Longest digit span backward (raw score); EWFT: Emotion Word Fluency Test (raw scores); FAS:
Letter fluency (Demographically adjusted T-scores; M = 50, SD = 10); Reading WRAT-4: Single word reading subtest
from the Wide Range Achievement Test – Fourth Edition (Standard Scores; M = 100, SD = 15); Rey WRT: Rey
Word Recognition Test (true positives); WCT: Word Choice Test; Accuracy: Number of words correctly recognized
out of 50 (raw score); T2C: Total time-to-completion (seconds); HVM: High verbal mediation; NSE: Native
speakers of English: LEP: Limited English proficiency; σ 12 vs. σ22: p-value associated with Levene’s test of
homogeneity of variance.
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Table 4
Performance on Neuropsychological Tests with LVM as a Function of English Proficiency
English Proficiency
NSE
Test
M
SD
CDT
9.7
0.6
CD WAIS-III ACSS 11.6
2.4
CD WAIS-III Recog 8.3
1.1
RFCT Copy
33.5
2.5
RCFT IR
48.6
14.8
RCFT DR
46.9
14.0
RCFT REC
48.1
12.9
SS WAIS-IV
11.3
2.7
TMT-A
41.0
14.9
TMT-B
47.8
11.8
TOMM-1
47.4
3.1
Rey-15 FR
14.9
0.5

LEP
M
8.4
11.5
7.8
34.2
45.2
44.2
41.5
11.0
37.9
42.9
48.6
14.6

SD
1.5
2.6
1.2
1.7
12.4
11.2
14.3
2.3
10.8
9.6
2.0
1.1

t
4.98
0.27
1.76
-1.39
1.12
0.95
2.13
0.58
1.07
2.04
-2.14
1.87

p
<.001
.791
.082
.170
.268
.343
.037
.563
.290
.045
.036
.065

d
1.12
0.48
0.46
0.48
-

σ12 vs. σ22
<.001
.520
.229
.058
.239
.086
.457
.599
.169
.211
.081
.000

Note. CDT: Clock drawing test (raw score); CD WAIS-III : Digit-Symbol Coding subtest of the Wechsler Adult
Intelligence Scale – Third Edition (age-corrected scaled scores; M = 10, SD = 3); RCFT: Rey Complex Figure Test
(T-scores; M = 50, SD = 10); IR: Immediate Recall; DR: Delayed Recall; REC: Yes/No recognition; SS WAIS-IV :
Symbol Search subtest of the Wechsler Adult Intelligence Scale – Fourth Edition (age-corrected scaled scores; M =
10, SD = 3); TMT: Trail Making Test (Demographically adjusted T-scores; M = 50, SD = 10); TOMM-1: Test of
Memory Malingering – Trial 1 (raw score); Rey-15 FR: Rey Fifteen-Item Test (free recall raw scores); LVM: Low
verbal mediation; NSE: Native speakers of English: LEP: Limited English proficiency; σ 12 vs. σ22: p-value
associated with Levene’s test of homogeneity of variance.
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Table 5
Performance on Neuropsychological Tests with HVM Compared to the Normative Mean as a
Function of English Proficiency

Test
Animals
CIM BDAE
Color D-KEFS
DS WAIS-III
FAS
Reading WRAT-4
Stroop D-KEFS
Word D-KEFS

English Proficiency
NSE
MDiff
t
p
-3.1
-1.79 .081
-5.8
-2.66 .011
0.1
0.22
.825
0.0
0.06
.954
-7.0
-4.45 <.001
2.7
1.47
.150
1.8
5.85
<.001
0.7
1.85
.073

d
0.42
0.70
0.93
-

LEP
MDiff
-20.0
-33.7
-2.8
-0.4
-16.0
-14.6
-1.3
0.0

t
-12.9
-13.7
-6.02
-0.87
-17.1
-9.08
-2.35
0.00

p
<.001
<.001
<.001
.392
<.001
<.001
.024
1.000

d
2.03
2.20
0.95
2.70
1.44
0.37
-

Note. Animals: Category fluency (Demographically adjusted T-scores; M = 50, SD = 10); BNT-15: Boston Naming
Test – Short Form; Accuracy: Number of pictures correctly named within the time limit out of 15 (raw score); T2C:
Total time-to-completion (seconds); CIMBDAE: The Complex Ideational Material subtest from the Boston Diagnostic
Aphasia Battery (Demographically adjusted T-scores; M = 50, SD = 10); D-KEFS: Delis-Kaplan Executive Function
System (age-corrected scaled scores; M = 10, SD = 3); DS WAIS-III: Digit Span subtest of the Wechsler Adult
Intelligence Scale – Third Edition (age-corrected scaled scores; M = 10, SD = 3); LDF: Longest digit span forward
(z-score); LDF: Longest digit span backward (z-score); EWFT: Emotion Word Fluency Test (z-score); FAS: Letter
fluency (Demographically adjusted T-scores; M = 50, SD = 10); Reading WRAT-4: Single word reading subtest from
the Wide Range Achievement Test – Fourth Edition (Standard Scores; M = 100, SD = 15); HVM: High verbal
mediation; NSE: Native speakers of English: LEP: Limited English proficiency.
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Table 6
Performance on Neuropsychological Tests with LVM Compared to the Normative Mean as a
Function of English Proficiency

Test
CD WAIS-III
RCFT IR
RCFT DR
RCFT REC
SS WAIS-IV
TMT-A
TMT-B

English Proficiency
NSE
MDiff
t
p
1.6
4.22
<.001
-1.4
-0.61
.546
-3.1
-1.41
.166
-2.0
-0.96
.345
1.3
3.09
.004
-9.0
-3.80
<.001
-2.2
-1.18
.244

d
0.67
0.49
0.60
-

LEP
MDiff
1.5
-4.8
-5.8
-8.5
1.0
-12.1
-7.1

t
3.59
-2.47
-3.30
-3.67
2.65
-7.08
-4.67

p
<.001
.018
.002
<.001
.012
<.001
<.001

d
0.57
0.39
0.52
0.60
0.42
1.12
0.74

Note. CD WAIS-III : Digit-Symbol Coding subtest of the Wechsler Adult Intelligence Scale – Third Edition (agecorrected scaled scores; M = 10, SD = 3); RCFT: Rey Complex Figure Test (T-scores; M = 50, SD = 10); IR:
Immediate Recall; DR: Delayed Recall; REC: Yes/No recognition; SS WAIS-IV : Symbol Search subtest of the
Wechsler Adult Intelligence Scale – Fourth Edition (age-corrected scaled scores; M = 10, SD = 3); TMT: Trail
Making Test (Demographically adjusted T-scores; M = 50, SD = 10); NSE: Native speakers of English: LEP:
Limited English proficiency.
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